Abstract Fewer than 24 % of Veterans received appropriate evaluation and/or treatment for osteoporosis within 6 months of an index fracture. An electronic consult (E-consult) service was implemented at three Veterans Affairs Medical Centers to facilitate the identification of and recommend management for patients with recent fracture. The E-consult service used clinical encounter data based on ICD9 diagnosis codes to prospectively identify patients with potential osteoporotic fractures. Eligible patients' medical records were reviewed by a metabolic bone specialist, and an E-consult note was sent to the patient's primary provider with specific recommendations for further management. Recommendations were initiated at the provider's discretion. Between 2011 and 2013, the E-consult service identified 444 eligible patients with a low-trauma fracture who were not already on treatment. One hundred twenty-nine (29.1 %) consults recommended immediate bisphosphonate treatment, and 258 (58.1 %) recommended bone density assessments. Primary providers responded by prescribing bisphosphonates in 74 patients (57.4 %) and by ordering bone density testing in 183 (70.9 %) patients. At the facility level, prior to implementation of the E-consult service, the rate of osteoporosis treatment following a fracture was 4.8 % for bisphosphonates and 21.3 % for calcium/vitamin D. After implementation, the treatment rate increased to 7.3 % for bisphosphonates (p = 0.02) and 35.2 % for calcium/vitamin D (p \ 0.01). While feasible and relatively low-cost, an E-consult service modestly improved the rate of osteoporosis treatment among patients with a recent fracture. These results suggest that a program with direct patient interaction is probably required to substantially improve treatment rates.
Introduction
Low-trauma fractures at all skeletal sites are associated with increased risk of future fractures [1, 2] . Pharmacological interventions in patients with recent osteoporotic fracture have been shown to substantially reduce the risk of subsequent fractures as well as to improve quality of life and reduce mortality [3, 4] . Therefore, the occurrence of a low-trauma fracture should be considered a sentinel event that prompts providers to assess for and treat osteoporosis for secondary prevention.
Despite effective therapies, studies have demonstrated that osteoporosis management and treatment after a lowtrauma fracture remain inadequate, especially among men [5] [6] [7] [8] . In 2010, the Office of the Inspector General (OIG) reviewed osteoporosis care among Veterans with lowtrauma fracture and found that only 24 % received appropriate care. System-wide quality-improvement interventions were advocated including provider education, patient education, and improved surveillance components [9] .
We previously described the feasibility of the use of a regional clinical data repository to prospectively identify patients with recent fracture for inclusion in a centralized, remote osteoporosis electronic consult (E-consult) service [10] . We report the effects on osteoporosis screening and treatment within three Veterans Affairs Medical Centers (VAMCs) after initiation of the E-consult service among Veterans with recent fracture.
Methods

Patient Identification and Eligibility
The patient identification process has been described previously [10] . Briefly, potential patients were identified by a report from the central data warehouse based on fracturerelated International Classification of Disease, Ninth Revision (ICD9), codes (733.93-733.95, 767.3, 800-829; V54.13). Electronic medical record screening was then completed remotely by the consult coordinator. Identified patients were eligible for E-consult if they were over age 50 years, had sustained a low-trauma fracture within the last 6 months (fall from standing height or less), and had a primary care provider within the VAMC system. Exclusion criteria included fractures not considered osteoporotic (facial, skull, digital, or pathologic fracture), fractures occurring more than 10 years previously, an active prescription for a bisphosphonate, bone mineral density screening already obtained, estimated life expectancy of 1 year or less (e.g., hospice care), patient had been offered and declined therapy, or interval death of the patient. All remaining patients were referred to a metabolic bone specialist for an osteoporosis E-consult. This study was approved by the institutional review board at the Durham VAMC.
E-Consult Process and Follow-Up
The electronic medical record of each patient was reviewed by a metabolic bone specialist (endocrinologist or geriatrician). Specifically, the physician reviewed pertinent laboratory data (creatinine clearance, serum calcium, and 25-hydroxyvitamin D level), other clinical risk factors for fracture (low body mass index, corticosteroid use, medical comorbidities associated with fractures), and prior osteoporosis treatment if any. The physician then used an E-consult template note to summarize the relevant data and provide recommendations for initiation of osteoporosis treatment and/or further evaluation. Recommendations were based on current clinical practice guidelines from the National osteoporosis foundation and the Veterans administration [9, 11 ]. E-consults were then sent to the patient's primary care provider for review and cosignature. If the note was not cosigned within 1 month, a follow-up e-mail reminder was sent. All E-consults were tracked 3 and 6 months after completion to determine whether recommendations for osteoporosis treatment, bone density testing with dual-emission X-ray absorptiometric (DXA) scan, referral to endocrinology and/or nephrology for further evaluation, and calcium and vitamin D supplements were implemented.
Facility-Level Comparisons
To determine the impact of the E-consult program on osteoporosis treatment after fracture at the facility level, the proportion of Veterans over age 50 years prescribed a medication for osteoporosis within 3-6 months of a fracture was calculated using regional administrative data. For the three participating facilities, treatment rates from the 6 months preceding program implementation were compared to a 6-months period 1 year after program implementation. In addition, the changes in treatment rates for the participating facilities were compared to three nonparticipating VAMC facilities in the region. Comparison medical centers were selected on the basis of size, geographic proximity, and academic affiliation status.
For the comparison analysis, all Veterans with a potentially osteoporotic fracture assigned to a VAMC primary care provider were included. Because of the high number of subjects, complete chart abstraction, as was done for E-consults to exclude high trauma or other clinical contraindications to treatment, was not feasible. Therefore, treatment rates are expected to be lower than those reported by the OIG report and not comparable to quality metric thresholds (e.g., HEDIS) because this sample is expected to include patients for whom treatment is not necessary or is contraindicated. However, this convenience sample allows for quick measurement of the E-consult service's impact by comparing the medical centers' treatment rate before and after the implementation of the service and comparing to nonparticipating facilities.
Statistical Analysis
Baseline characteristics for the patients are described using proportions for categorical variables and means with standard deviations for continuous variables. Comparison of treatment rates prior to and after implementation of the E-consult service was performed using Fisher's exact test of proportions.
Comparison of the changes in treatment rates between intervention and nonintervention facilities was performed using the Breslow-Day test for heterogeneity. Statistical significance was assessed for p \ 0.05. Analyses were performed using SAS Version 9.3 (SAS Institute, Cary, NC).
Results
Study Population
In the three participating VAMC facilities, there were 3,840 fractures identified by a fracture-related ICD9 code during the intervention period ( Fig. 1 ). Of these, 1,981 were automatically excluded from E-consult due to ineligibility. The most common reason was because the Veteran was less than age 50 years. An additional 1,296 were excluded during the chart extraction phase. The most common reason for exclusion during chart extraction was that the fracture occurred due to high trauma, followed by fracture occurring more than 10 years prior to the index clinic visit or clinical suspicion of a fracture was not confirmed by subsequent radiographic examination. Therefore, of 1,859 fractures reviewed during chart extraction, 563 were subsequently reviewed by a metabolic bone specialist.
The E-consult service identified 465 eligible individuals with a low-trauma fracture who were not already on treatment between April 2011 and 2013. However, 21 of these individuals were found to have become ineligible shortly after the specialist's consult, primarily due to a sudden decline in health, leaving 444 eligible individuals. Baseline patient characteristics are presented in Table 1 . Veterans were predominantly male (92.8 %), with a mean age of 69.1 years. Common medical comorbidities included diabetes mellitus and chronic lung disease. The most Bone density testing by DXA was ordered in 183 (70.9 %) patients. Fifty-two DXA orders were not completed; the most common reason was that the patient canceled or did not show up for the appointment. Of the DXAs completed, 23 % showed osteoporosis and 39 % showed osteopenia. Following the DXA, 56 % of patients were started on treatment, including calcium/vitamin D and/or antiosteoporosis medication. Another 21 patients were referred to the bone clinic for management and follow-up.
Facility-Level Treatment Rates
Prior to implementation of the E-consult service, the rate of osteoporosis treatment between 3 and 6 months following the ICD9 code for fracture at the intervention sites, among all patients with recent fractures, was 4.8 % for bisphosphonates and 21.3 % for calcium/vitamin D. After implementation of the program, the treatment rate increased to 7.3 % for bisphosphonates (p = 0.02) and 35.2 % for calcium/vitamin D (p \ 0.01). Compared to the concurrent change among VAMCs without the E-consult service, the change in treatment rates for bisphosphonates (?2.5 vs. -1.8 %, p = 0.02) and calcium/vitamin D (?13.9 vs. -1.2 %, p \ 0.01) was significantly different (Table 2) .
Among patients who sustained a major osteoporotic fracture, defined as a low-trauma fracture of the shoulder, wrist, hip, or spine, there was an increase in the treatment rate for bisphosphonates from 7.6 to 11.3 % that was not statistically significant (p = 0.15). The treatment rate among Veterans aged 50-69 years increased 2.7 % and that among those over age 70 years increased 6.2 %, though neither result reached statistical significance. However, there was a significant increase in calcium/vitamin D treatment. In comparison to facilities without the E-consult service, the change in treatment rates for bisphosphonates (?1.6 vs. 
Discussion
In the current study, we have demonstrated that a centralized, regional E-consult service for patients with a recent low-trauma fracture who were not already treated for osteoporosis is feasible. The service is relatively low-cost, employing a half-time program coordinator and a quartertime metabolic bone physician to perform the screening, medical chart review, and osteoporosis E-consult note for three medical centers. In contrast to other secondary prevention programs, the current E-consult program serves predominantly male patients. More than half of the E-consult recommendations were acted on by primary care physicians, and the service significantly improved osteoporosis management and treatment rates among patients with recent fracture at the facility level, both when evaluated before and after the service's implementation within participating facilities and when compared to nonparticipating centers. Overall post-fracture treatment rates within the facilities with the E-consult service had a significant 2.5 % increase in bisphosphonate prescription and an 11.6 % increase in vitamin D supplementation, while declines or no improvement were observed in control facilities. However, the magnitude of this figure is difficult to interpret because the sample likely includes a substantial number of Veterans for whom treatment was not needed or was contraindicated. During the E-consult service period, over two-thirds of identified fractures were excluded by chart abstraction, most commonly because the fractures occurred during high trauma. Assuming a comparable proportion of Veterans in the facility-level sample were also ineligible for treatment, the observed change in bisphosphonate treatment among eligible patients in the intervention facilities would be an increase from 14 to nearly 22 %. These treatment rates and subsequent improvement appear modest and not improved over the prior OIG report. There are several reasons why the impact of the E-consult service may be limited. First, consults were initiated by the coding of a fracture-related diagnosis during a clinical encounter and not by the patient's primary care provider. However, the service relied on primary care providers to implement evaluation and treatment recommendations. Treatment recommendations were based on clear, guideline-driven indications, noted in the patient's medical record. However, among the E-consults that recommended initiation of bisphosphonates, fewer than 60 % of providers subsequently ordered a prescription. While most providers expressed familiarity and satisfaction with the program, in a postimplementation survey, providers cited time constraints and following up on test results as barriers to implementing recommendations. There were no differences in implementation of recommendations based on fracture site. Second, there was no direct patient contact or education from the E-consult service, which may have further limited adherence to recommendations. Among those with recommended DXA, for example, approximately two-thirds were ordered; but many patients cancelled the appointment. Programs which do not rely on primary care providers for all ordering or which include patient education may address these issues. Also, as this program served predominantly male patients, educational components regarding male osteoporosis evaluation and treatment, directed at both patients and primary care providers, may improve acceptance and adherence to recommendations.
Several quality-improvement interventions and caredelivery models have been reported to improve osteoporosis treatment after a fracture. These interventions have varied widely from education initiatives for providers to coordinator-based, facilitated care of fracture patients. Overall, educational programs alone have had limited to no impact on testing and treatment rates [12] [13] [14] [15] . Programs utilizing a care coordinator who is responsible for identifying and facilitating the evaluation and treatment of all fracture patients within a hospital system appear to substantially improve osteoporosis care at modest cost [16] [17] [18] . Prior studies of the osteoporosis care-coordinator models have demonstrated that these interventions significantly improve osteoporosis screening and treatment rates and are also cost-effective, sometimes cost-saving, programs [17, 19, 20] .
However, these programs including a ''fracture liaison service'' may be inefficient for small medical centers with lower fracture volume to provide. Moreover, osteoporosis testing and treatment decisions may be more complex in men or patients with multiple comorbidities, requiring physician input. The Veterans health administration provides a unique opportunity to test improvements to the current management and treatment paradigm of osteoporosis. The current E-consult service, in response to the OIG report, was initiated as a proof-of-concept that the centralization of fracture coordinator services, with an opportunity for physician review when needed, is an effective strategy for health-care systems where there are multiple centers with variable fracture volumes and complex patient characteristics.
The limitations of the E-consult service should be considered. The patient-identification process depends on accurate and consistent coding by clinicians. Although fracture coding has been documented to be more than 90 % accurate in a medicare population [21, 22] , it may be less so in the VA setting where fracture care may be obtained from non-VA providers or for other chronic conditions important in managing osteoporosis. However, other clinical data that inform evaluation and treatment recommendations for osteoporosis are readily available from the VA electronic medical record, including laboratory results and medication prescriptions. In the current service, implementation of E-consult recommendations was deferred to the primary care provider's discretion. Although all patients were identified as a consequence of a low-trauma fracture, because of the remote consultation without direct interactions with the patient, recommendations for treatment were made conservatively and based on well-documented indications within the patient's medical record. Thus, the number of treatment recommendations likely reflects a lower rate than would be clinically indicated if the patient was evaluated in person. Nevertheless, we were able to demonstrate a significant, though modest, increase in the treatment rate. Further improvement in the treatment rate would likely require a program similar to the current E-consult service to identify and evaluate patients, coordinated with services to engage both primary care providers and patients.
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